Background and Aims Although mycorrhizal associations are predominantly generalist, specialized mycorrhizal interactions have repeatedly evolved in Orchidaceae, suggesting a potential role in limiting the geographical range of orchid species. In particular, the Australian orchid flora is characterized by high mycorrhizal specialization and short-range endemism. This study investigates the mycorrhizae used by Pheladenia deformis, one of the few orchid species to occur across the Australian continent. Specifically, it examines whether P. deformis is widely distributed through using multiple fungi or a single widespread fungus, and if the fungi used by Australian orchids are widespread at the continental scale.
INTRODUCTION
Understanding the factors controlling the geographical range of species is of fundamental importance in the fields of ecology, evolution and physiology (Gaston, 2009) . However, few generalizations can be made on which factors determine geographical boundaries of species (Gaston 2009 ). Studies investigating factors that limit geographical ranges of species tend to focus on abiotic variables (such as topography, climate or elevation) and comparatively few studies incorporate biotic predictors of distribution (Meier et al., 2010) . When the species in question form a mutualism, understanding what limits the distribution of one or both partners becomes increasingly complex (Bronstein, 1989; Koh et al., 2004; Mueller et al., 2011; Moeller et al., 2012) .
Engaging in a specialized symbiosis can limit the distribution of a species through the absence of the other partner, with this process operating at multiple spatial scales. The absence of a suitable partner can reduce population size (Anderson et al., 2011) , reduce occupancy of habitat patches (Newman et al., 2013; Phillips et al., 2014a) and restrict overall geographical range (Bronstein, 1989; Moeller et al., 2012) . For example, it has been shown in sexually deceptive orchids, which have an extremely specialized pollination strategy, that rarity of orchid species is associated with patchiness of the pollinator in areas of otherwise suitable habitat (Phillips et al., 2014b) . Further, in several species, there is a strong correlation between the geographical range of both a rare orchid and its pollinator (Phillips et al., 2014a) . In extreme cases, loss of interacting partners can lead to co-extinction, as seen through local extinctions of larval host plants resulting in butterfly extinctions (Koh et al., 2004) . Engaging in a symbiotic relationship can restrict geographical ranges, but symbioses can also facilitate a broad geographical range through switching partners when moving outside the distribution of the primary partner species (e.g. Johnson and Steiner 1997; Newman et al., 2014) or by using a widespread partner that occurs in multiple environmental or biogeographic regions (Shefferson et al., 2007; Jacquemyn et al., 2011; Kartzinel et al., 2013) . As such, even species with specialized symbiotic relationships can potentially be widespread and abundant.
One of the most common and widespread ecological interactions is the symbiotic relationship between plants and mycorrhizal fungi. The roots of >80 % of terrestrial vascular plant species associate intimately with fungi to form mycorrhizas, aiding the plant in nutrient acquisition, drought tolerance and pathogen protection (Brundrett, 2002; Smith and Read, 2008; Sikes et al., 2009) . Six major mycorrhizal types are recognized, based on structural characters and plant associations: arbuscular (AMF); ecto (ECM); arbutoid; monotropoid; ericoid (ERM); and orchid (OMF). Each of these involves a particular suite of fungal species (Molina et al., 1992; Allen et al., 2003; Smith and Read, 2008) . Orchid seeds have an obligate dependence on a mycorrhizal partner (OMF) to provide fixed carbon and mineral nutrients (Smith, 1966; Purves and Hadley, 1975; Alexander and Hadley, 1985; Cameron et al., 2006) in order to continue development from an undifferentiated seed to a photosynthetic plant capable of obtaining mineral nutrition from the soil. The degree of independence of the orchid from its mycorrhizal partner beyond this stage varies between species. There is evidence to suggest that the partnership is likely to be maintained through the mutualistic provision of carbon from the adult orchid in exchange for soil-derived nutrients (Rasmussen, 1995; Cameron et al., 2008; Smith and Read, 2008) . Unlike most other mycorrhizal types, orchid mycorrhizal fungi are typically free-living saprophytes that are not obligate on their partner plants, meaning the distribution of orchid mycorrhizal fungi is independent of the orchid (Smith and Read, 2008; McCormick et al., 2012) . Alternatively, the dependence of orchids on their associated fungi has led to the hypothesis that factors limiting the orchid mycorrhizal fungi will strongly limit the distribution of the orchid (Batty et al., 2001a; Waterman and Bidartondo, 2008; Swarts et al., 2010) .
It is well established that AMF, ECM and, to a lesser degree, ERM fungi play a key role in driving plant community structure (Smith and Read, 2008; Klironomos et al., 2011) . However, mycorrhizal relationships outside of the OMF are typically generalists, with plants able to associate with multiple fungal partners within a genus of fungi (e.g. as seen in ECM; Tedersoo et al., 2008) . This flexibility means plants can switch partners depending on fungal availability, making mycorrhizal relationships unlikely to limit the geographical range of plants (Giovanetti et al., 2004) . Alternatively, in Orchidaceae there has been repeated evolution of highly specialized mycorrhizal relationships (McCormick and Jacquemyn, 2014) , with orchid species sometimes reliant on just a single fungal species (Ogura-Tsujita and Yukawa, 2008; Bougoure et al., 2009; Roche et al., 2010; Swarts et al., 2010; Phillips et al., 2011a; Linde et al., 2014) . Therefore, many orchid species may potentially be limited by the geographical range of the mycorrhizae with which they associate. The majority of studies on the distribution of orchid mycorrhizae to date have been limited to germination bioassays (e.g. Rasmussen and Whigham, 1993; Batty et al., 2001a; Diez, 2007; Jacquemyn et al., 2007; Swarts et al., 2010; Phillips et al., 2011a) . These studies provide information on sites which are environmentally suitable and where a physiological compatibility between orchid seed and fungi is reached, leading to germination, rather than an accurate depiction of fungal distribution (Diez, 2007; however, see McCormick et al., 2009 however, see McCormick et al., , 2012 . Critically, most studies on the role of mycorrhizae in orchid rarity have been restricted to the geographical range of the orchid (e.g. Swarts et al., 2010; Phillips et al., 2011a ; but see Linde et al., 2014; Phillips et al., 2014a) , limiting our ability to understand what limits geographical distribution. However, evidence from DNA sequencing studies suggests that some orchid mycorrhizal fungi may have distributions spanning multiple biogeographic regions (McCormick and Jacquemyn, 2014) .
Southern Australia has a diverse terrestrial orchid flora, characterized by numerous rare species with naturally small distributions (Jones, 2006; Phillips et al., 2009a Phillips et al., , 2011b . Many of these rare species have specialized habitat requirements, often occurring on unique geological features (Phillips et al., 2011b) . However, the Australian orchid flora in particular is characterized by remarkably high mycorrhizal specificity, including multiple widespread and/or diverse genera (Roche et al., 2010; Swarts et al., 2010; Wright et al., 2010; Otero et al., 2011; Phillips et al., 2011a) , suggesting that high mycorrhizal specificity could be limiting orchids to particular habitats or geographical areas. A potentially powerful approach for understanding what limits the geographical range of orchids is to combine studies of mycorrhizae of widespread and rare species from multiple geographical areas to resolve the geographical range of mycorrhizae relative to the orchids.
This study aims to investigate the mycorrhizal fungi used by Pheladenia deformis (R.Br.) D.L. Jones & M.A.Clem. (Diurideae: Caladeniinae) , one of the few orchid species to occur across the Australian continent (Hopper and Brown, 2004; Jones, 2006) . Specifically, we investigated if P. deformis is widely distributed as a result of using multiple fungi or a single widespread fungus. Further, using sequences obtained from GenBank, we tested if the fungi used by Australian orchids of sub-tribe Caladeniinae are widespread at the continental scale. Finally, using herbarium records to quantify the geographical range of orchids, we tested if orchid mycorrhizal distribution is likely to be the limiting factor in orchid host distribution.
MATERIALS AND METHODS

Study species
Pheladenia deformis is a terrestrial orchid that is widespread across southern Australia, occurring in Western Australia, South Australia, Victoria, Tasmania and New South Wales (Hopper and Brown, 2004) . It is common on a range of soil types, predominantly in woodland habitats (Jones 2006; Hoffman and Brown, 2011) , and is believed to be pollinated by food deception, where a range of native bee species are attracted to the nectarless but brightly coloured flowers (Rogers, 1931; Hoffman and Brown, 2011) . Although Pheladenia is a monotypic genus (Hopper and Brown, 2004) , investigations into the fungal associations of the closely related and diverse genus Caladenia revealed that they are associated with several fungal lineages in the genus Sebacina. Specificity in Caladenia varies between reliance on a single putative fungal species (Swarts et al., 2010) and the use of a range of closely related lineages of Sebacina (Wright et al., 2010) .
Sampling and fungal isolations
Fungi were isolated from adult P. deformis plants from several sites in Western Australia and Victoria ( Fig. 1) , representing the two main centres of distribution of P. deformis. Samples were collected from 2-5 individual plants per site. In total, the phylogenetic analysis includes sequences of fungi from 13 plants from Western Australia (five sites) and 13 plants from Victoria (four sites), including four individuals from which multiple sequences were generated from multiple pelotons.
Fungi were isolated following Ramsay and Dixon (2003) (also described by Phillips et al., 2011a) . Pelotons were plated onto fungal isolation media (FIM) according to Clements et al. (1986) , with the addition of 1 % streptomycin sulphate solution, added by filtration following autoclaving, to reduce bacterial contamination. Following isolation, the number of pelotons that formed hyphal tips was scored. A random sample of single growing hyphal tips from a minimum of three individual pelotons per plant was sub-cultured onto potato dextrose agar (Sigma; 6Á8 g of potato dextrose agar, 6 g of agar, 1 L of reverse osmosis water; pH adjusted to 6Á8 before autoclaving) to promote vigorous growth for DNA extraction.
Symbiotic germination trials
Symbiotic germination trials were conducted using mycorrhizal fungi isolated from P. deformis from across its geographical range. Seed from P. deformis (Zig-Zag population, Western Australia) was germinated on plates of three subcultures of each isolate (Table 1) . Germination was undertaken on oatmeal agar (2Á5 g of ground rolled oats and 8 g of agar per litre of reverse osmosis water, adjusted to pH 5Á5). The agar was sterilized by autoclaving for 20 min at 121 C. Seeds were confined in 90 lm mesh (approx. 150 seeds per packet) and sterilized in 1 % calcium hypochlorite for 10 min before being rinsed three times in sterile water for 15 min each. Seeds were spread across the surface of the oatmeal agar plates and incubated in the dark for 6 weeks. Plates were then exposed to light and scored for germination at 12 weeks after sowing. Stages of germination were classified according to Batty et al. (2001b) , modified from Ramsay et al. (1986) : 0, unimbibed seed; 1, imbibed seed; 2, splits in testa and protocorm development; 3, enlargement of protocorms, initiation of leaf primordium and development of trichomes; 4, further protocorm enlargement and development of green leaf; and 5, seedling with developed green leaf and initiation of dropper. Seeds reaching stage 3 and above were considered to have successfully germinated.
DNA sequencing and phylogenetic analysis DNA extractions and sequencing of the internal transcribed spacer (ITS) region using universal fungal primers ITS1 (5'-TCCGTAGGTGAACCTGCGG-3') and ITS4 (5'-TCCTCCGC TTATTGATATGC-3) (White et al., 1990) were conducted following Phillips et al. (2011a) . PCR products were purified using the Agencourt AMPure PCR Purification System by Beckman Coulter (Brea, CA, USA). Sequencing was undertaken by Macrogen (Seoul, South Korea). Table S1 .
BLAST searches were conducted to establish the closest relatives represented in GenBank. Fungal sequences were primarily from Wright et al. (2010) , Swarts et al. (2010) and Sommer et al. (2012) . A multiple sequence alignment was constructed in Geneious Pro 5.6.3 (Drummond et al., 2012) . Phylogenetic trees were estimated with a maximum likelihood analysis using the PHYML plugin (Guindon and Gascuel, 2003) in Geneious v5.6.3. A GTR þ G model was used for all analyses as all other models are nested inside this model. Support for nodes was assessed for maximum likelihood trees using 1000 pseudoreplicates of non-parametric bootstrapping in PHYML. Phylogenetic trees were visualized using FigTree 1.4.0 (http:// tree.bio.ed.ac.uk/software/figtree/).
Distribution of fungal OTUs relative to orchids
Fungal operational taxonomic units (OTUs) were defined using a 3 % sequence divergence cut-off value. Although there is variation in the level of ITS sequence divergence between fungal species (Nilsson et al., 2008) , this level of divergence has been used in previous ecological research (Tedersoo et al., 2003 (Tedersoo et al., , 2008 Kartzinel et al., 2013) . Though lower values (e.g. 1 %) have been used in some community studies focused on a single site, we consider a higher level of divergence to be appropriate for the 3000 km spatial scale of the present study, given that fungal species are expected to show a level of phylogeographic structure (e.g. Linde et al., 2014) . Further, a recent study using eight sequence loci to study species delimitation in Tulasnella orchid mycorrhizae found that the full data set gave results congruent with ITS alone (Linde et al., 2014) . Sequence divergence was measured in Geneious Pro 5.6.3 (Drummond et al., 2012) as the percentage of differing base pairs between any two fungal sequences.
The geographical ranges of fungal OTUs and orchid species were measured as the distance along the longest axis when all distributional records were mapped. Fungal OTUs were included in this analysis when there were two or more sequences present in the phylogenetic analysis. Locational data for fungi were taken from the location of the orchid as presented in publications (Wright, 2007; Wright et al., 2010; Swarts et al., 2010; Sommer et al., 2012) . Distributional data for Caladenia were taken from the Atlas of Living Australia (http://www.ala.org. au), which is an amalgamation of herbarium records and reliable observations. Records well beyond the known range of the species were deemed to be erroneous and were excluded from geographical range calculations. For each orchid species, we divided the geographical range of the fungus by the geographical range of the orchid to give an estimate of the factor by which the distribution of the fungus exceeds that of the orchid. For orchid species utilizing more than one OTU, the OTU with the largest geographical range was used in the analysis, as in this situation the fungi with more restricted distributions cannot be limiting the orchid's overall geographical range.
RESULTS
Mycorrhizal specificity of Pheladenia deformis
A high proportion (99-100 %) of pelotons isolated from Pheladenia deformis resulted in hyphal growth, suggesting that a comprehensive representation of functional endophytes has been captured. Other Western Australian collar-infected orchids showed a similarly high frequency of hyphal growth (e.g. Drakaea in Phillips et al., 2011a) . Of the 26 fungal isolates from P. deformis, all but one belonged to the same OTU (OTU 1, Fig. 2 ) of Sebacina. This OTU has also been detected in the Western Australian species Caladenia longicauda. The second Sebacina OTU (OTU 4, Fig. 2 ) detected in P. deformis was recorded in a single individual at the Western Australian site Mundaring. This individual co-occurred with the other P. deformis plants from this site containing Sebacina from OTU 1. OTU 1 has also been detected in the Western Australian species C. flava and the eastern Australian species C. tentaculata. None of the individuals of P. deformis sampled in this study was found to be carrying multiple OTUs.
Symbiotic germination was supported by 15 of the 36 fungal isolates (Table 1) . Both OTUs associated with P. deformis supported germination of P. deformis seed, confirming crosscontinent sharing of mycorrhizae by P. deformis. Variation in successful germination between isolates and sub-cultures of the same species has been observed in several other orchid species (e.g. Huynh et al., 2009; Roche et al., 2010; Wright et al., 2010; Phillips et al., 2011a; Linde et al., 2014) , and is most likely to be a consequence of the small-scale variations in laboratory growing conditions, such as temperature and light, or a functional variation within an OTU.
Distribution ranges of fungal OTUs and their orchid hosts
The average (6 s.e.) geographical range of the fungal OTUs was 2699 6 273 km (range ¼ 225-3500 km) (Table 2) . Alternatively, the average geographical range of the orchids was 968 6 250 km (range ¼ 98-3447). On average, the geographical range of the fungal OTU was 7Á5 times greater than that of the orchids that associate with it (Table 3) . Four of the fungal OTUs in the phylogenetic analysis contained sequences from both eastern and Western Australia (OTUs 1, 3, 4 and 6, Fig. 2) , with levels of sequence divergence ranging from 1 to 2Á4 %, despite geographical ranges >3000 km. OTUs 2 and 5 were recorded from only two plants, from south-eastern Australia and south-western Australian, respectively.
DISCUSSION
Mycorrhizal specificity and the distribution of Pheladenia deformis
Sequencing mycorrhizal fungi associated with Pheladenia deformis across its geographical range revealed high mycorrhizal specificity, with the majority of plants using one of two closely related Sebacina OTUs (Fig. 2) . The absence of geographical structure, the low sequence divergence within OTUs and their co-occurrence with other OTUs without known intermediate genotypes support the interpretation that these two OTUs are likely to represent distinct Sebacina species. However, this conclusion should be confirmed with sequencing of multiple sequence loci (Linde et al., 2014) . From the fungal sequencing data, we conclude that P. deformis has a remarkably broad distribution, despite high mycorrhizal specificity. These fungal OTUs occur across a major biogeographic divide, the A maximum likelihood phylogenetic tree of mycorrhizal ITS sequences from Sebacina fungal isolates associated with Pheladenia deformis and Caladenia spp. Numbers in parentheses after the sample name refer to the number of pelotons sequenced from the individual plant. Numbers above the branches are bootstrap values (>80). Operational taxonomic units (OTUs) refer to fungal clades with <3 % sequence divergence. Species names appearing in red relate to isolates of eastern Australian orchids; species names in blue relate to Western Australian isolates. Information relating to sequences obtained for this study can be found in Supplementary Data Table S1 .
arid Nullarbor plain, and a broad range of soil and habitat types.
Although it has been hypothesized that mycorrhizal specificity is associated with rarity in orchids, the recent proliferation of molecular studies of orchid-fungal relationships is revealing that there is no clear trend between mycorrhizal specificity and the abundance and geographical range size of orchids (McCormick and Jacquemyn, 2014) . For example, there are several instances in which rare orchids have been found to utilize multiple fungal species (Shefferson et al., 2005; Jacquemyn et al., 2011; Pandey et al., 2013) . As seen in P. deformis, increasingly it is being shown that high mycorrhizal specificity can be associated with widespread host distribution. Including this study, there are several recorded instances in which common, widespread orchids have been shown to use a small number of fungal OTUs (McCormick et al., 2004 (McCormick et al., , 2006 Irwin et al., 2007; Ogura-Tsujita and Yukawa, 2008; Jacquemyn et al., 2010; Roche et al., 2010) . This pattern has also been recorded in an epiphytic orchid (Otero et al., 2007) and the mycoheterotrophic associations of Pterospora andromeda (Monotropoideae, Ericaceae) (Cullings et al., 1996) . In these instances, the symbiosis between orchid and fungi appears to be particularly robust in that it is likely to be adapted to a broad range of environmental conditions through an increased ability to exploit a range of niches and nutrients (Rasmussen and Rasmussen, 2007) .
Geographical range of mycorrhizal fungi: implications for the biogeography of Australian orchids
The mycorrhizal OTUs detected in Australian orchids had large distributions, with the five best sampled species having ranges >2000 km (Table 2) . Further, on average, the distribution size of the fungus exceeded that of the orchid by a factor of 7Á5 (Table 3) . This is despite the limited sampling of most fungal species (n ranged from 2 to 25), suggesting that the actual figure may be much greater. Even within the small number of orchid species included in this analysis, there are several cases of short-range endemic orchids sharing fungi with widespread and common orchid species. For example, the rare Caladenia huegelii was hypothesized to be limited by the distribution of a specific orchid mycorrhizal fungus (Swarts et al., 2010) . However, our analysis has revealed that this fungal OTU occurs on both sides of the continent and associates with orchids that occur in a range of soil types. Given these multiple lines of evidence, we have provided strong support for the hypothesis that the geographical range of mycorrhizal fungi is not limiting the geographical range of these orchids.
The range of habitats in which fungal OTUs were sampled demonstrates that they are capable of occurring in a range of environments and edaphic conditions. This contrasts with many of the rare species in Caladeniinae, which tend to be restricted to specific edaphic conditions or unique geological features (Phillips et al., 2009a (Phillips et al., , 2011b . A broad geographical range was also shown for Tulasnella associated with Drakaea (Western Australia) and Paracaleana minor (eastern Australia) (Linde et al., 2014) . The broad geographical range of these orchid mycorrhizal OTUs represents a similar pattern to that observed in southern Australian macrofungi, which are characterized by broad geographical ranges (May, 2002) . For example, in an analysis based on morphology, May (2002) showed that 78 % of basidiomycete species in south-western Australia also occur in south-eastern Australia. The disparity between orchid and fungus geographical range size supports the notion that edaphic factors such as soil moisture, site microclimate and nutrient availability may play key roles in the formation of a successful orchid-mycorrhizal symbiosis.
Four of the fungal OTUs identified were found in the southwest and south-east of Australia despite being separated by the arid Nullarbor region, long recognized as a major biogeographic floristic divide (Hooker, 1860; Burbidge, 1960) . Although there are many shared plant genera between the south-east and south-west of Australia, sharing of plant species between these two regions is relatively rare (Hopper and Gioia, Table S1 .
Relative range size was calculated by dividing the fungal OTU range by the plant range to give an indication of the degree to which fungal distribution exceeds host distribution.
The most widespread of the OTUs was used in the order of magnitude calculations. All distances are shown to the nearest kilometre.
*OTU number from Fig. 2 Orchid seeds have few obstacles to dispersal over such long distances, with small, dust-like seed, equipped with an air-filled testa suggesting the capability for long-distance dispersal (Arditti and Ghani, 2000) . Although long-distance dispersal is likely to be an infrequent event, orchid seeds are known to move up to 2000 km, including ocean crossings between Australia and New Zealand (Arditti and Ghani, 2000) . Given the potential for long-distance dispersal, it raises the question of what is limiting the establishment of orchids across the Nullarbor. Following our findings confirming the presence of compatible mycorrhizal OTUs on both sides of the divide, it follows that other factors, such as edaphic differences between sites, must be at play. In situ seed burial trials, in concert with direct and independent PCR assays of fungal availability (McCormick and Jacquemyn, 2014) , at continental and local scales could be used to test whether edaphic factors or dispersal limitation are driving biogeographic patterns shown in Australian terrestrial orchids. In addition to edaphic limitations and the potential rarity of long-range seed dispersal, it is likely that in orchids with specialized pollination systems, pollinator availability contributed towards this pronounced biogeographic divide. In Australia, the most prevalent highly specialized pollination system in the orchids is that of sexual deception, with at least 300 species likely to use this strategy (Gaskett, 2011; Phillips et al., 2011b Phillips et al., , 2014b . In sexual deception, plants chemically and physically mimic a calling female insect, with pollination achieved as males attempt courtship or copulation with the flower (Peakall, 1990; Phillips et al., 2014b) . As a by-product of the mimicry of the highly specific sex pheromone systems of insects, most sexually deceptive orchids have just a single pollinator species Ayasse et al., 2011; Gaskett, 2011) . As such, the distributional patterns evident in the pollinator fauna will have important consequences for the biogeography of the orchids that they pollinate.
The group of insects most frequently exploited by the Australian orchid flora are thynnine wasps, which are responsible for the pollination of at least 100 Caladenia spp. (Phillips et al., 2009b (Phillips et al., , 2011b . Despite the large number of orchid species pollinated by sexual deception of thynnine wasps, there is only one known case of an orchid species, believed to be pollinated by a sexually deceived thynnine wasp, which occurs across the Nullarbor, Paracaleana disjuncta (Hopper and Brown, 2006) . Further, there are no known thynnine wasp species with distributions crossing the Nullarbor (G. R. Brown, pers. comm), lending further support to the association of shortrange endemism with the strategy of pollination by sexual deception. Most of the species that cross the Nullarbor are pollinated by a range of food-foraging insects or exhibit selfpollination (Jones, 2006; references in Phillips et al., 2011b) . In the case of a species with a generalist pollination strategy such as P. deformis, the likelihood of pollinator-mediated limitation is reduced and edaphic suitability and symbiosis physiology are likely to play a greater role in influencing distribution.
Conclusions
This study provides the first example of an orchid with a continent-wide distribution, exhibiting such a highly specific mycorrhizal partnership. Primarily, utilizing a single widespread fungal OTU has facilitated the continent-wide distribution of P. deformis, supporting the notion that narrow mycorrhizal specificity does not necessarily lead to orchid rarity. This study also shows that other fungal OTUs in Sebacina are widespread at the continental scale. The short-range endemism in the orchids that utilize these Sebacina OTUs is not driven by mycorrhizal fungi with narrow distributions, as most fungal OTUs were found to span the continent. Instead, the distribution of many orchids is most likely to be driven by edaphic requirements and pollinator-mediated limitations. Evaluating the relative extent to which these factors influence biogeographic processes will require a multifaceted approach incorporating seed burial trials, quantification of pollinator and mycorrhizal availability, and bioclimatic niche modelling.
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